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Abstract- Thispaperpresents omeof themainfieldsof researchfor SoftwareDefinedRadioandre-
configurableterminalsbeyond3Gandsummarizestheassociatedsolutionsproposedandinvestigatedinsidethe
1STTRUST (TransparentlyReconfigurableUbiquitouSTerminal)project.Terminalre-configuration,system
levelmodeling,systemandnetworkarchitecturesandconfigurationmanagementaredetailed.Moreinformation
onstudiesandresultsin theframeofuserperspective,nablingtechnologiesandsystemresearchcanbefound
inadditionalsubmittedpapers.
I. Introduction
As technologyrapidlyevolvesthe likelihoodof manystandardsandproprietaryenhancements
coveringallprotocollayersincrease.Standardisationeffortis currentlyconcentratingoncompatibility
questionsandmostlyprecludesmechanismsonnegotiationsbetweenterminalandnetwork.Witha
greatervarietyonnetworksin thefuture,standardisationmustbe shiftedto standardisedprotocol
negotiationswhichprovidethemechanismstoenablestandardisedandpossiblynewcommunication
protocolsbeingcommunicatedandagreedbetweenterminalandnetwork.This couldalsoimplythe
introductionof etiquettesbetweencommunicatingentities.
Mainadvantagesofre-configurablet rminalsareillustratedinFigureI:
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Figure1:AdvantagesofRe-configurableTerminals
Thisstringentdemandmustbeseenonthebackgroundthattheintemetparadigmmovestothemobile
networksandthissynergyof re-configurationprinciplesandJP paradigmwill eventuallyleadtoan
evolutionofmobilenetworks. ,
Theevolutionof telecommunicationsi thenextdecadewill be characterizedby theconvergence
towardanJP-basedcorenetworkandubiquitousseamlessaccess(2G,3G,broadband,broadcast...)in
acontextofhierarchicalndself-organizingnetworks(Figure2).
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Figure 2: Convergencein Telecommunications
The interworking,mobilitymanagementandroamingwill behandledvia themediumaccesssystems
andthe IP basedcorenetwork.Re-configurableradio terminalsandnewapplianceswill be thekey
componentsof suchaseamlessnetworkconvergence.
11. StateoftheArt in SDR Research
Researchin SDRhasbeendominatedbothin militaryandciviliancommunications[1]. In 1996,a
non-profitorganizationcalledtheSDR Forum[2] (exModularMultifunctionInformationTransfer
SystemMMITS Forum)wasset-uptodeveloptechnicalspecificationsandstandardsrequirementsfor
therealizationof SDR.Representativesfromdefence,commercialwireless,andcivil governmentare
presentin this forum.In addition,membershipincludesserviceproviders,networkoperators,
equipmentmanufacturers,componentmanufacturers,regulatoryauthorities,and academia nd
researchorganisations.The activitiesof the SDR Forumhavehelpraisethe awarenessof this
emergingtechnology.
In addition,EuropeanCommission[3] sponsoredresearchiI1 SDR has also beensignificant.
Examplesofpastandpresentprojectsinclude,the4thgenerationACTS andESPRIT initiativesuchas
FIRST (FlexibleIntegratedRadioSystemsTechnology),SORT (SOftwareRadioTechnology),and
SLATS (SoftwareLibrariesforAdvancedTerminalSolutions)andthecurrentwaveof 5thframework
projectsuchasTRUST (TransparentlyRe-configurableUbiquitouSTerminal),CAST (Configurable
radiowith AdvancedSoftwareTechnology),MOBIVAS (downloadableMOBlle Value Added
Servicesthroughsoftwareradio& switchingintegratedplatforms),SODERA(re-configurableradio
for SOftwareDEfmedRAdiofor 3rdgenerationmobileterminals),andPASTORAL (PlatformAnd
SoftwareforTerminalsOperationallyR~-configurAbLe),andsoon.
ThemajorityofthepublishedpapersonSDRtechnologywereoriginallyfocusedonaspectsrelatedto
thedigitalfront-endoftheSDRterminalsandfunctionalitiesof theradiointerface.Thiswas(andstill
is) largelydueto thedifficultproblemsthatarestill openin thisfield.On theotherhand,very
importantandinterestingissuessuchastheco-operationof theSDR terminalwith thesupporting
networkswerescarcelycoveredbytheinternationalbibliography.
The1STprojectTRUST [4]attemptstorationalizethe"seamlesswirelessutopia"bystudyingthereal
userrequirementsfor re-configurableterminalsand thencreatingrealisticworkingscenarios.
Technologyand system/networkesearchesidentify the systemsupportconcepts,enabling
technologiesandstandardizationrequiredtorealizethescenarios,andthroughsubjectivevaluation,
systemmodelingandsimulation,evaluatethefeasibilityoftheproposedsolutions.
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Ill. Main TRUST Technical Achievements
Themainfieldsof investigations,in thecontextof SDR andre-configurabletenninalsbeyond3G,
identifiedandtreatedintheTRUST projectare:
. Userperspective:userandoperatorrequirements,scalableapplication,
. Systemlevelissues:interactionsbetweenterminalandnetwork,systemarchitectures,mode
switchingnegotiations,oftwaredownloadingtrafficimpact,radioresourcemanagement
(spectrumandverticalhandover),
. Enablingtechnologies:RF hardwarearchitectures,RF bottlenecks,re-configurablebaseband
softwarearchitecture,re-configurablesignalprocessingalgorithms,powermanagement,
scalablevideo.
Thesystemresearchin TRUST is focusedontheterminalre-configurationmanagementfollowinga
top-downapproach,from a conceptualperspectiveup to thepotentialterminalimplementation
solutions.Someof themainissuesof thissystemanalysisarepresentedhereafter.Moredetailson
studiesandresultsintheframeof userperspective,nablingtechnologiesandsystemcanbefoundin
additionalsubmittedpaper.
111.1.TerminalRe-configuration
Systemandtechnicalnalysisrealizedinthefieldoftheterminalre-configurationaddressmainly:
. Blindandassistedradioaccessmodeidentification,
. Radioaccessmodenegotiationandswitchingmanagementorverticalhandover,
. Securesoftwaredownloadincludingauthentication,capabilityexchange,softwareintegrity
assuranceandcontrollabilityoftheterminal,
. Radioresourcededicatedtosoftwaredownload,
. Negotiationsmethodsbetweenuser,terminalandnetwork,
. Minimalsetof terminalandnetworkfunctionalitiesto be standardisedas e.g.resetand
recoveryproceduresforterminals.
m.lI. System-LevelModeling
TheoverallcoherenceofthesestudiesinensuredatsystemlevelbyusingUnifiedModelingLanguage
(UML)andSpecificationDescriptionLanguage(SDL).
Thetop-leveluse-casediagram(UCD),capturingallsystemsinteractionsisdepictedinFigure3.
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Figure3:Re-configurationTop-levelUCD
I)erivedfromthistop-leveluse-casediagramaredefmeddetaileduse-cases,class,collaboration,
messagesequenceandstatetransitiondiagrams.UML"is usedto supportthesystemarchitecture
definitionandthedetailedesignofmodulesin termsof functionalitiesandinteractions.SDL is also
'~sedforspecificmodelingschemes.
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nI.In. SystemandNetworkArchitectures
The architecturedefinedin TRUST projectis basedon a network-centricarchitecture(Figure4)
involvingthe associationof HomeReconfigurationManager(HRM), ServingReconfiguration
Manager(SRM) andProxyReconfigurationManager(PRM).Thisarchitectureis usefulforcellular
networksandprovidesa centralizedsoftwaredistributionandTRUST hasalreadydevelopedconcepts
forsupportingade-centralizeddistributionfromterminaltoterminalsuitableinad-hocnetworks.
"~>r---
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Figure4:Network-CentricArchitecture Figure5: SystemArchitecture
Interactionsbetweentenninalandnetworkarecrucialastheavailablebandwidthonthewirelesslink
is a limitedresourcethatshouldbeusedforservicesratherthannegotiations.Furthermore,resources
on theterminalitselfareusuallyalsolimited.In orderto relievetheterminalfromtheburdenof
frequentinteractionswithnetworkentities,informationfromthenetworkcouldbegenerallyobtained
via thePRM, which is locatedin theradioaccessnetwork.It servesas a proxyinstancefor
negotiationswithothernetworkentities,inparticulartheSRM andtheHRM.
The systemarchitectureis depictedin Figure5. The systemarchitecturedefinitionis still under
analysis,thedistributionof functionalitiesacrossmodulesandthe detailedinteractionsbetween
modulesbeingcurrentlyinvestigated.
nI.IV. Terminal Configuration Management
TRUST considersone or moreterminalagentsper domainof responsibilityrepresentingthe
responsibleorganisationand actasthemainmethodof interactionto performre-configuration.
Requeststo re-configurethe terminaloriginatingfromtheuser,networkoperator,manufacturer,
serviceproviderorpossiblyeventhirdpartiesaresenttothecorrespondingterminalagents.Thenthe
terminalagentperformsthenecessaryre-configurationtasks.Eachterminalagenthasassociated
configurationdataandthedomainmanagerholdsglobalconfigurationdatacorrespondingto their
domainsofresponsibility.
Therearetwobasickindsof interactionbetweenthe1erminalgentsin differentdomains.Oneis "re-
configurationrequests",whicharemostlypassedownthehierarchyof domainsof responsibility-
ServiceProvider->NetworkOperator->Manufacturer,anotheris "notifications",whicharepassedin
mostcasesupthehierarchyof domains.There-configurationrequestscanbecategorisedasrequest
for changing"mode"and requestfor changing"configuration",wherea modeis an abstract
representationf theservicesprovidedandnotthedetailof howit is implemented.A configuration
representsa setof softwaremodulesthatarerequiredfor implementaparticularmodeof operation.
Therefore,themodecanbetranslatedintoanactualconfigurationi ordertohidethedetailof the
actualsoftwareconfigurationrequiredtosupportthemode.
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Thdirectinteractionsbetweentheterminalagents(showninblackinFigure6)canbestandardisedto
ebleagentsin differentdomainsof responsibility(thatcouldbeprovidedby differentvendors),to
::ify eachotherof ~hangesor req~est.recon~gurat~on..Altemative~y,all intera~tio~could~ccurvia
th appropriatedomammanager(asmdlcatedmredmFIgure6).ThissecondoptIOnISattractIvefrom
th: pointof view of securitybecausethedomainmanagersarebestplacedto authenticateand
uthorisetheinteractionsandso it is logicalto allowthemto performa proxyfunctionfor these
~teractions.Also, it is saferforterminalagentsin onedomaintonotbeawareof terminalagentsin
:other domainif theydo notneedto. This approachwith interactionbeingpassedthroughthe
relevantdomainmanageris describedusingUML. Obviously,if thereis a largevolumeof
configurationmanagementdatathatneedstobeexchangedbetweenteIDlinalagentsthiswouldnotbe
agoodsolution,however,formostoperationsthereis onlylikelytobesmanamountsof information
beingpassed.
Figure6:ConfigurationManagementFramework
Forconfigurationmanagementof re-configurablet rminalstherewill besomeconfigurationdatathat
isdefinitelyrequiredby all teIDlinalagents- e.g.availablebatterypower- andis mostlogically
placedin a centralrepositorywithaccesscontrolledbythecorrespondingdomainmanager.In this
wayit is notnecessarytohaveanopenorstandardiseddatabaseaccessandreplicationmechanisms,
butthedataaccessoccursvia thedomainmanagerandthisinteractionmustbe standardised.This
resemblesto thepreviouslymentionedetiqUettefor standardisednegotiationsbetweenentities.The
additionalinformationthatis notrequiredtobeaccessibleto all teIDlinalagentscouldbestoredin
proprietarymanneronaterminalagentbasis.Also,replicatingthisdatabetweenterminalagentsand
tenninalagentproxieswill alsoneedtobeproprietaryif thestorageandaccesscontrolmechanisms
areproprietary.However,if proxydomainmanagersexist,thereplicationof databetweenthedomain
tnanagersandtheirproxieswill needtobestandardisedormandated.
IV. TimeFrame
!hemainexpectedresultsforthehotresearchtopics,identifiedfromtheTRUST projectperspective,
111theframeof there-configurablet rminalbeyond3Garethefollowing:
. Achievementofauser/operatorrequirementdefinition,
. Achievementofsystemanalysisontenninalre-configuration,
. Definition of a potentialsystemarchitecturesupportingterminalre-configurationi
hierarchicalnetworks,
. Progressin researchon enablingtechnologiesanddefinitionof solutionsfor someof the
bottlenecks,
. Validationofconceptsanddemonstrationfscalableservice.
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An evolutionpathfor futuredevelopmentshasbeenidentifiedin TRUST project.The vision
(Figure7)addressesterminals,networksandregulationissues.
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Figure7:TimeFrameforRe-configurableEquipments
Thispresentsthemediumtermrequirementforre-configurablet rminalstoaddressoptimumservice
deliveryandsynergyin a compositeradioenvironment,andthelongertermview of dynamic
spectrumaccessinascalablecommunicationsenvironment.
v. Conclusions
This paperpresentedsomeof themainfieldsof researchfor SDR andre-configurableterminals
beyond3G andtheassociatedsolutionsproposedandinvestigatedinsidetheTRUST project.Major
issuesin systemanalysiswerehighlighted:terminalre-configuration,system-levelmodelling,overall
systemarchitectureandconfigurationmanagement.
It is fundamentaltorealizethatheSDR definition,designanddevelopmentstillrequirehugeamount
of effortsandresearchatalllevelstoachievethesuccessofthepromisingcommunicationsevolution.
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